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0IL GOOLERS TO AVOID CONGLALING
By Dennis J. Martin
SUVMMARY
be selectcd to dissipate

cll coclers may

of heat. The pressure drops and rates

of ailr flow are readily determined from commercial data.

However, there are

vital importance:

three additlonel faclors which are of

1. Congealing tendency of the cooler
2. Power cost chargeable to the installation
3. Performance charascteristlcs ol the oll cocler in
operatlon at sltitude

The congealing tendencies of 2il coolers rank in impor-
tance wiih nressure drop, power for czooling, and the dimen-
sions of the unit. The zongealing tendencies can be im-
proved by selscting a unlt of adeguate size and then con-
trolling the cooling by limiting the air flow.
This paper presents a method for (1) selecting an oil
cooler which will dissipate the required amount of heat,
(2) for determining its freezing tendency, (3) for calculating
the power cost, and (L) for investlgating the performance

characteristics at any altitude.



INTRODUCTION

The selection and 1installation of an oil cooler to dis-
gipate the required heat without congealing tendencies at an
acceptable power cost has always been a troublesome nroblem,
As the operating‘altitude and the velocity of airplancs have
increased, the range of pressure drop avallable for cooling
and the entrance air temperature have varied in such a manner
that the congealing tendencies of oil coolers have been
greatly aggravated. Also the increases in speed of new types
of aircraft have put a premium on installatiocns having optimum
sizes of 01l coolsrs. Careful seclection of an oll cooler is
imperative to give satisfactory operation under all flight
conditions.

The selection of the dimensions of any heat exchanger
always involves a compromise among several quantities: pro-
portions, power Ilor cooling, rressure drop, etc. The problem
of selectingan ethylene glvcol or water radiator is one of
finding the dimensions which will dissipate the heat with the
pressure drop available over the altitude range of operation
at the smallest powsl cost. Oll-cooler selectlon presents
the additional nroblem of so selecting the dlmensions and
pressure drops that the cooler will be as free as practicable from
congealing tendencies.

The present analysis 1s submitted in order to show what
conditions must be satisfied to select an oil cooler which

will give satisfactory ¢neration under all flight conditions.
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Appendices are included which present selection charts and

selection forms for oil coolers.

SYWMBOLS
Aa total frontal area of cooler, square feet
AO area between baffles, perpendicular to oll
flow, square feet N
B baffling constant determined from oil-cooler data
cp specific heat at constant pressure, 3tu per pound
per °
cl,cz,cb empirical numerical constants

cD/cL ratio of drag coefficient to 1ift coefficient of

Q

H

airplane

diameter of cooler, feet

hydraulic diameter of passage, Teet

ratio of open area to total area

acceleration due to gravity, feet ver second per
second

coefficient of heat transfer, Btu per second per
square foot per °F

rate of heat dissipation, Btu per second

heat transferredper 100° temperature difference
between average oll and entering air

thermal conductivity, 3tu per second per square
foot per °F per foot

constant, seconds per foot-pound



=
i

AT

AT

- I =

length of ailr passage, feet

number of tubes per square foot of frontal area

absolute pressure, pounds per square foot

pressure drop, pounds per square foot

power, foot-pounds per second

pumping power, foot-pounds per second

power to carry the oil cooler and supports
(constant wing loading), loot~-pounds per second

quantity of air flow, cubic feet per second

ratio of the thermal resistance on the o0ll side to the
thermal resistance on the air side

effective cooling surface per unit length of tube,
square feet per foot per tuve

effective cocling surface, square feet

temperature, O

°F

temperature of tube wall,

change in temperature, °F

temperature difference between entering oil and inlet
air, °p

volume, cubic feet

speed of airplane, feet per sscond

weight flow, »ounds per second

empirical numerical exponants

maltiplying factor to account for weight of oll cooler

mounting and supnoris




d mean effective temperature difference between oll and

cooling alr divided by ATi

np duct pumping efficiency, useful power dividsd by drag
power

v coefficient of absolute vis~osity, slugs psr foot-
second

change in temperature of air divided by AT,

g change in temperature of oil divided by ATy
[ density, slugs per cubic foot
Py welght density of oil coolzr, vounds per cubic foot
B1s82:80,%" »%al Fo! constants
SUBSCRIPTS
a cooling alr
i initial
o] cll
t total

DEFINITION OF COYNETANTS

nAT:
Ky = T
R g Zs
2_ c X ‘_.X 1
74 = 1 x ta - (ba, q03) 1!
- - D :
Dax{lg xnp fé%" pad 0,2 Mp
£ up l-u;u g u
Q; = a_“a w fa = ka 9,



Vi, 1=V _V v v v v
. go ~ fO DO g ?2 2 x 0 - o « ¢o' -
va 0 Io}

=
b

|
|

&
~

! = T

Ag! = fa

Wq

1/v
A = go / Aa g T"a
° Pa Wo
! = v

Pp e ¢ PD
Lg' = Ky f7 0 Wa Iy

¥y € Vg Apg
Apgy =

g &
R = l/hOSO (Ao')V
u
l/haSa (Ag')
2

s = Pal ?..%)2/ v ¥

(AO,)2 (ZO, v’a La2

ANALYSIS
Heat-transfer units,in general,involve two fluids and

a dividing surface. When heat is being transferred from one

fluid to another, there is a resistance to heat transfer
l/htst‘ The total resistance to the flow of heat is the sum

of the resistances of the two fluids and the dividing plate.



...7.:."

In most cases the dividiﬁg plate is very thin and its resis-

_tance may be neglécted. For an oil cooler, we may then

swrite

1/h4S¢ = 1/hgS, + 1/hySe

In ethylene glycol or water radiators, the thermal

" resistance on the liguld side is negligible, In oil

coolers, however, the thermal resistance on the liguid side
1/hoSe is much larger than in coolant radiators and under
certain conditions may hecome equal to or even greater than
the thermal resistance on the air side 1/hy5,.

Beéause the vhvsical pronerties of aviation lubri-
cating oils, chiefly viscosity, depend very strongly on
their temperatures, the prediction of oil-cooler perform-
ance is difficult. It is known that the oil tends to con-
geal néar the tubes when the thermal resistance on the oil
side is a large part of the total resistance, as occurs when
the mass flow of oil is small, when the tube spacing ls
large, or when the oll side ies not closely baffled. If the
thermal resistanceé on the oil side is a small part of thé
total, the tube-wall temperature is near that of the oil
at the center of the'passage. The temperature gradient is
similar to that shown in figure 1l(a). As the thermal re-
sistance on the oil side'increases, the tuhe-wall tempera-

ture falls and the viscosity of the oil near the. tube wall
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inereases ranidly as in figure 1(b). If the temperature of
the tube wall decreases sufficiently the oll near the tubas wall
becomes very viscous and forms a layer which literally freezes
onto the tubing. This reduces the effective hydraulic dla=-
meter of the passage and increases the oll pressure drop.
This congealed layer acts as an insulating film which »revents
the o0ll from performing 1ts cooling function.

Figures 2, 3, h, and 5 present typical test daota taken
at the Haval Aircraft Factory, Philadelphia. (See reference 1.)
In fipgures 2 and % it will be noted that, as the cooling air
termerature is reduced while the oil and alr flows are main-
tained constant, an air temperature is ultimately reached where
the heat dissipatlon decrcases and the oll pressure drop
increases until the bypass valve opens. In figure h, the weight
rate of flow of alr is varied vhile the inlet alr temperature
and mass flow of oll are maintained constant. As the air flow
is 1hcreased, a value 1ls reached where the heat dlssivpation
decreases and the o0ll pressure drop increases precivnitantly.
In figure 5, the heat dissipation is shown as a function of
inlet oil temperature. TIn this case, as the inlet oil
temperature ls decreasad a temperature 1s again reached where

the healt dissinaticon beglns to fall off.

) 1/hoSq
The thermal resistance ratio, ——-, has heen calculated
1/hgS,

for a number of points. From the approximate relation,
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Ty =~ Ty = L/h8, ,
T - T, 1/n.8,

1

the tube-wall temperature at the point where heat transfer
takes place between entering air and exit oil has been
calculated and is plotted on the curves of figures £, 3,

L, anda 5. Similar analysis for a number of coolers in-
dicates that congealing becomes possible for the grade of oll
used when the tube wall {alls below a temperature of approxi-
mately 100°F. A -cooler should be selected with the tube-
wall temperature always well abecve donrer tenperature.

It must be obvious that this criterion of congealing
‘tendencies is much too simple to be used in a general case
becavse other factors such as oil wviscosity index, inlet oil
temperature, and oil flow which were maintained in a limited
range for the avalilable test data are also important factors
in determining the safe limiting value for the tube-wall
temperature.

This arialysis has been carried as far as possible
without further information, where a large range of oil
temperatures, oil lows, and viscosities has been used
in heat-dissipation measurements on oil coolers. Such
data might allow a correlation to be made which would
permit a more general and more usefu} criterion of congeal-

ing tendencies.
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By use of the appendix, figure 6 has been prepared for
an oll cooler to dissipate 100 horsepower. Here the abscissa
is weight flow of alr vhile the ordinate refers to the
various curves plotted. Curves showing pressure drop, pover
cost for cooling, frontal area, and tube-wall temperature are
plotted on this figure. It is at once apparent from thils
figure that large oill coolers and small cooling &ir flow
are favorable both for total power consumptlon and congealing
tendencies. In order to see the picture of cil-cooler
selection and operating characteristics with sltitude, a set
of three~dimensional charts has been prepared on the axes of
frontal area and altitude of figures 7, 8, 9, and 10. Here
the effect of altitude and frontal area on power consumption,
weight flow of alr, pressure drop, and tube~-wall temperature
is shown.

A study of these three~dimensional illustrations reveals
several interesting points. As the altitude is increased
with a given oll cooler, the weight flow of air must be re-
duced to dissipate the same amount of heat and to avoid con-
gealing. If the air flow is held to the proper value to
dissipate the heat, the msximum altitude is the critical
altitude for the selection of an oil cooler with safe con-

gealing tendencies. An oll cooler selected with a safe
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tube-wall temperature at the maximum altitude should experi-

ence no congealing troubles at leower altitudes. For the ex-

ample selected in .the appendix, & cooler selected nsar winimum

power has resonable freezing tendencies at eltitude.
CONCLUSION

The results of this analysis of oil-cooler performance
indicate that an oill cooler s=lected upon the basis of using
the total pressure drop svallable will be small, will re-
quire excessive power expcndlture, and may have very bad
congealing tendencies. Although 1t might ssem most loglcal
to mnick the smallest conler which will dissipate the heat
using what pressure drop there is avallable, in most cases
the vse of a lorger co»sler and a smaller pressure drop with
good control over the air flow would consume lesgs tntal power,
would be less likely to congeal, and would require a smaller
mass flow of air. The advantages of a largoer oil cooler are
realized only when carsful control of the alr flow is maln-
tained.

As an example assume 70 pounds per square foot pressure
drop is svailakle in climb at 20,000 feet. An 0il cooler
using 2ll the pressure drop avallable may be selscted.

From figure 9, A, 1s fourd to be 0.82 sguare foot. From
figures 7, 3, and 10: W, = 5.7 pounds per second, Ty = 09°%m,
and Pt = 30 horsepower, This cooler would very likely con-

geal.
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However, if only 30 pounds per square foot pressure drop
is used, from figure 9, A; = 1.16 sguare feet. Again from
figures 7,8, and 10: Wy = L.8 pounds per second, T, = 111°%F,
and Py = 1li.2 horsepower. This arrangement would have much
better freezing tendencies and would consume less than half
the total power used by & cooler using all the pressure drop

available.

Langley Memorial Aeronautical Laboratory,
Naticonal Advisory Committee for Aeronautics,
TLangley Field, Va., July 2L, 1943.
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APPENDIX I
DERIVATION OF THE OIL~COOLER EQUATIONS

In refercnce 2, a generalized selection chart for
coolant radiators was presented. In reference %3, gensral-
1zed equations for selection charts for heat exchangers in
aircraft were derived. Selection charts for any type of
heat exchanger can be constructed from these equations. In
reference li, generaiized selection charts for air-to-air
intercoolers were constructed. In this paper a generalized
selection chart for oll coolers is presented. A generalized
selectlion chart is valuable in that, since 1t gives a picture
of the rclations anmong the variables, it enables one to
effect satisfactory conpromiscs. A generalized chart
approaclhiegs the ultimate in correlation. A single chart
applies to all heat exchangers of a given internal design.

In both the construction and the use of an oil-cooler
gselection chart, the situation 1s guite different from that
for coolant radlators or [or interconlers. For the corre-
lation in coolant radiators, the liquid is in turbulent flow
and it is not necessary to take into account the variation
of the physical properties or the veloclty of the 1liquid.
Only the air side need be considered and the correlation
equations of reference 5, can be used. In oil coolers,

however, the oll flow is the laminar rather that the
/
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turbulent type and the physical propertiss and the velocity
of the oil in the passages must be conrsidered.

The power chargeable to the oll-ccoler installation is
the sum of the power required tc purp the cooling air through
the cooler plus the power required to carry the oil cooler
and 1ts supports,

Py = Py * B (1)
Since the power consumption is not the critical variable, the
weight-carrying power will be omitted in the selection chart
and equations. This greatly simplifies the charts and re-
duces the computations. However, the welght-carrying nower

will be added before the final sselection is made.

Qe b Pa _ Wq & Dy

T]p pa g np

(2)

The pressure drop for alr flowing through tubes is given

by
A Pg =Cll/ g, )x
L % 5€ave=Lg/Dy \FaVaDa
or,
A _2og Lgug” A
Pa = T3FFT T 5lx0 X (T"
Dy &4 a PFa a,
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The total thermal resistance equation is,

1 1 1 1 1. 1
= + = + (L)
htgt h.S h. S n v (;asa . h sé)

a~a o~'o o]
The generally accepted equations for correlating heat-

transfer coefficients are.

hgDg . [PaVaDg b
el N S (5)
a “’a
v
1.10D0 - CL‘- povoDQ (6)
Ko o

The free area of the oll passage,

AO = LaDchB = B fr‘) \/gLa 1%

From equations (L), (5), and (6),

,u v
1 1 D, By Do Mo (7)

hi8y n v olks <waDa‘S —— WoDo v
- A f\ ] —
Ehala 8fo3 ViAglg 2 /AT,

The heat-balance eguation is.

—

H = hySeaTyd

Then from equation (7)

nvaT{ - Ag ﬁ@L
: aa(a +¢( ) (3)

To arrive at the generallzed equations we define the following

generalized variables:

Ayt = A /W,
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RN N ARARY WA

vi = n ATy vE/H @, = Ky ﬁl v ¢
V=g . 1 g =0

Pp nATleg/}Qflﬁa <1Pp§

bpg' = X LW, b py/B Py

From equation (3),

vi/ (ag0FE (9)

Pt
p

From cquation (3)

vt Sroa 0’ (10)

]
P
]

and,

L,! vi/agt = Xy ;zfl { Lglig (11)

The ratio of the resistance to heat flow oun the oil side to
the resistance on the air side is,

1/h.8
R = =22 (12)
1/hy8g '

Solving the generalized equations, R is found,
R= (4") / (80" (13)

A convenlent variable 3S' 1s defined,

“ 2 -
b yfa)/" Wy 2

St o=

= — =({Z8 (1L)
(4, \&

W, L,°
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In order to apply equations (9), (10), (11), (13), and
(1L) to the plotting of a generalized oil-cooler selection
chart, the values of the exponénts x, u, and v must be
determined. The quantities x and u are the exponents occurring
in the friction factor &nd heat-transfsr equations on the

alr side,

A pa - “’a x
1 2 Vl E—j\;d]-)*
x> pv,mL,/Dy a'avs

and,

N u
BaDy _  (Pa¥aDy
\_(a 5 p,a

In oil coolers, the cooling alr generally flows through the
tubes and the oil around and ecross the tubes, For turbulent
flow of air through tubes, x has been given as 0.2 and u as
0.8 in reference 5.

The quantity v 1s the sxponent in the equation corre-
lating the heat-transfer coefficient on the oil side,

v
Rolo = o) (foVoDc>
kg Ho

in figure 11 are shown typical commercial data obtalned
on a l1l3-inch o1l cooler. From these data the heat-transfer
conductance hyS, has been plotted in figure 12 as a function
of weight flow divided by the viscosity at the average oil

temperature,
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Sample calculations are given in appendix II. The heat-
transfer coefficient on the oll side h, 1s seen to vary as
the 0.5 vower of Wo/“o' The value for the exponent v has
therefore been talen as C.5 in plotting the selection chart
of figures 15(a) and 13(b). If later data are obtained that
would change the value of this exponent, new charts could ps
constructed by the same method.

Figure 1l has been plotted from Nusselt's results for

a function of &

[0}

cross flow (reference 6) and gives § &
for various values of 1. The mean temperature difference
for both counterflow and parallsl flow is very nearly the same
as for cross flow. Figure 1li may therefore be used in making
calculations faor oil coolers baflfled so that part of the oil
path corresponds to pareillel flow and part corresnonds to

counterflow as well as oll coolers with pure cross flow,
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APPENDIX IT
CALCULATION OF THE OIL HEAT-TRANSFER COEFFICILHNT
From figure 11 the heat dissination per 100°
temperature difference between average oil and inlet alr for
a given o0il flow and airflow is obtained. The three heat-

balance equations,

H= W, Chg B Ty (15)

H =W, cho & T (16)

\ H=nh5, 27Tt (17)
and the eguations defining the thermal cfficlencics,.

1 =4 T,/6 T (18)

&= T,0 Ty (19)

£ =& Teffective/A Ty (20)

determine the over-all heat-transfer coefficient. wigure
1l, may be used to determine ¢ from v and ¢&.
The over-&ll heat-transfer coefficient is related to
the heat-transfer coeff{icient on the oil and air sides by the
simple Ohm's law for thermal reasistanne,
1/0:3¢ = /M8, + 1/h8, (21)
The heat-transfer conductance on the alr side ls given by,

)] Oca O.Q -~
haSa = Sa Cl Cpa g (—5-@'—) (paVa) > (2&)
a

(Equation (22) may be derived from equatlon (5) assuming

ky, = 10u,)
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c 0.2l Btu/1b/°F

32.5 ft/sec/sec

pa

g

The heat-transfer coefflcient on the oil =sidese tlierefore can
be calculated.

The value of the constant ﬁo' may then be found from the

relation,
bo' (g Ta)’ 1
7o' T i =5 a (23)
o} "o ho“o

The following caleulation will clarilfy the procecdure.
The data needed for this calculation are first listed. The

dimensions of a tvpical 13-inch oill cooler ares

Diameter of cocler, InNcChes 4. ivovenortiorecnsnncano 1%
Length of cooler, Inches +.uvieisecososvssasosacecons 9%

[
Effective tube length, inches® .. .. iiinnnnnnonans )
Frontal area of cooler, sguare foot +cieevecnnreosse 0.921
Volume, CubicC FOOT wuvvereeronnnrocncononneronsannne 0.691
Number of LUDES i ererieoeocsosooasscncasrosssonssons 131¢
Outside diameter of t1LES, T1CT veeerrreerroorosnnes 0.26C
Inside tube ClameteTr, INCH i vwctocronneerernasess  0.256
Distance across fiats of hexegonal endes, inch ...... O.?25
Total open frontal area, square oot ciiveiiiraeconn O.u71
Total cooling surface, sSJUUTE FEEL toviierrerenoasnn 66.%

8There is a L-inch length of hexagonal tubing at each end of
the 8%-inch length of core tubing. The fin effectiveness
of the hexagonal length is assured to be 50 w»ercent.

From figure 11, the hest dissination cf this cooler for
an oil flow of L% pounds per minute and an air flow of 250
pounds per minute is 161N Btu per minute per 100°F temperature

difference between aversge oil and inlet alr tsrperature.
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The inlet oil temperature i1s 225°F and the inlet air is

100°%. The arithmetic average of the oll temperature is

To = Tyo = & Tp/2

The total heat dissipsated 1s

From equation (15),
Hy (Tsg - & To/2 - Ty
solving for A Ty
AT, = 65.9°F
The temperature difference betweeﬁ inlet oil and inlet air
is 2252 - 100° = 125°m
L = 0,527
n = 0.197
From fiaure 1/,
{ = 0.60
From eguation (17},
1/he8, = 3.04
From equation (22),
1/hgSg= 2.00
Equation (21) then gives.
1/h,S, = 1.0L

The value of ;Q—may be read from figure 17,
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Therefore, substituting in equation (23),
¢o' = 0.94
Before presenting an illustrative sxample, it is desir-

able to introduce the curves of figures 15, 16, aad 17.

Figure 15 shows “aga as a function of average air tempersa-
Py
ture and pressure. The quantity ﬁl is given by the nroduct
“(12
of 32 and a constant g '; determined by the tube diameter
Pqy -
Dy and the free area ratio fa. Tabkle I lists the values

of ¢l' for various commnercial-tube sizes.

H 008
In figure 16, Ya'l is shown as a function of averagse
X
|
alr teuwperature. The Yuantity ﬁa is given by the product
,.0.8
of Eg——- and a constant ¢a'; wvhich 1s determined by the tube
a
diameter and the fres area ratio. Table I 1lists the values

of ¢a' for various commercial-tube sizes.

e
J' o
In figure 17, L” is shown as a function of average
o}
01l temperature. The quantity ﬁo is given by the product
4 0.5
of ™07 and a constant gov; which 18 determined by tube
LS
diameter, free ares ratio,anc the balfling design. The

constant ¢O' may readily be determined from experimental

data by the method given in gppendix 1iT.
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APPEIDIX ITT
ILTUSTRATIVE EXAMPLFE

For a given internal design the selestion of an oil
cooler to dlssinaste a given amount of heat involves a choice
among the following param=ters: Ags Lgs Wgy Wys A Dy, and
R or T. For a2 given heat dissipation, the sclection of
three cf these variablss ccocmpletely determines a ;ooler
which will dlissipate thisz rejulred priount of rheat, The
engine manufacturer speclfiss the welght flow of oil, W,.

0il coolers are commonly mede in oaly 9-and l<-inch tube

lengths. The 9-inch is usuvally found superior to the
12-inch in frececing tendenciss, whitle the 1Z2-inch may dis-
sinate more heat for ths same Irontal area. Coolers may

be selected for botlr -aad 12-inch lengthes and comdarisons
madc., Thus, for a given length snd a specified weipght flow
of 011, only one ol the remalning variables may be chosen to
completely determince the cooler. ‘

The seclection of pressure dron, A Pg based on the pres-
sure drop available, may not Jive a cooler with satisfactory
congealing tendencies whlle tue selection of a low wvalue of

the tube-wall temperature may require a cooler too large for

s found desirable to

(=

th= space available, Thereiore, it
select several coolers and arrange the values graphically so

a satisfsactory compromise may e made.
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The selection chart and equations have been arranged 1in
a convenient form. A selection of a value of weight flow
of air W, Qquickly detsrmines all the remaining varisbles.

Several valuss of W

s may be selected and the other varli-

ables plotted against weight flow of eir as in figure i.
The simplicity of such a chart imeediately becomes apparent.
An 01l coolsr may now be selected, the compromise made with
due regard to all the variablcs.

An oil cooler will now be calculated for sea-level

4

operation with air at 60°F, The o©il cooler is assumed to
have the same geometrical arrangement, {ube diameter, and
the same internal bhaffle spacing #s the 1%-inch oil cooler

desoribed in apoendix T1I. The design conditions are given

in the following selzction {orms.
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Selection Form I

(For all oil coolers)

Quantity Symbol Value Unlts
Mrplane velocity v, 169 ft/sec
Drag-1ift ratio CD/CL 0.125
Weight factor € 1:5
Duct efficiency Thy 1.00
£1Eitude 0 ft
Pressure at altitude 2116 1b/1t°
Trpact pressure =P v 280 lb/ft2
Inlet alir precssure Dsg 2%06 1b/ft2
Titirated pressure érow LT 20 lb/ft2
"fean DrESsUrs Py, ! 2706 lb/ft2
Temrerature at altl tude 1 59 °p
Adisbatic temperature rise 1G4 O
Cocling air inlet temoeratare Tia Tl °r
weight flow of oil W 2 1b/sec
Tnlet o0l temperature Ts o 225 O
ITeat dissipation H 70.7 Btu/tec
011 terperature drcp AT, 0.7 Op
Average oil temperature TS i90 Op
Inlet temperature difference A Ty 148 op
?;ieEetgigzgggirirggfference £ .L78
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0il- Cooler Selection Form 2

Symbol Value
Est'imated welght flow of air Wy 10
Air;temperggg;é_rise 6 T, 30
Average air terperature Ty 92
?iieEefg;g:;3€3r213§fference n 0.199
Frem figure 1l at n and & £ 0. 68
From figure 15(a) at p, and Ta p;S'§¥g? 8.22 x 107
1,926 p /g 2% 1075 7 15.83
From figure 16 at T, péla/ka 1.90
3060 w0k, e 6570
Frem figure 17 at T, 40957k0 1.28 % 103
0.93 . 2%/%, g, 11.95
Enaf—gi K, 0.0230
Ky Ay & Wy Lg L, 2.152
Fo/s 5. 50
(/80" | 915
s 0 e
7,) Wa L2
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Q0il-Cooler Selection Form 3

At the Intersection of the LQ' and S' curves on the
generalized selection chart the values of the remaining
gencralized varlables are read.

Value of
Generalized|generalized| Constant |Value of {Variable| Value of
varlable variable constant variable
! 50.0 ¥ X 550 0.0 5.0 h
Py 5 K, 6% 55 1 P, 5 P
Ay 0.17L7 1/W, 0.10 A, 1.75 ft°
. . 2
A 2y 50,0 X, Wa/ Py & 2.43 Ao, 221 Wo/fE
R 0.4%17 R 0.517

v = Ay T, = 1.23 £t2

M=V oe, < 81 1v

il

P ° (CD/Cr)Vo W/5E0 = 0,3 hp (Constant wing loading)

Py = Py + Py = 1.3 hp
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Figure 1l.- Temperature gradient for oil to air heat transfer.
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Figure 12,- Correlation of heat transfer coefficient' on the oil side.

Figure 11,- Performanoe characteristics of 13" oil cooler ,
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Figure 16.- The quantity, p2'8 as a function of Tg.
y - ke

FTeSTPTPTITITen YT RaevenenmanEneet e
H e



+ zaltazsel
; £
Faaas T =
T 1 1
fots T =
SeaEshil st mm._n
4 2k
T
£
i
F
T
=8
= IS H LTEP (o
i Eadgiadl
z3rsses: agran
] 2
-d it
T aatt
PR =
ke

s
)

il

Tit

albe;

TReguysen,

1,

o

LA
N
14

g
:

1
T o o

=gs

i

1

i

T
H

bas
H

il

{r
-

1
7
1}

52
T

itk
My
2

Jpaz
11

I

HIEET

+

I

i
i1

L

L
1
[t
i

isdubunassespnanty

—

T L

5
2

i

Figure 17.~ The quantity, p8'5 as a function of Wy,
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